We show that the supersymmetric Wilson loops in IIB matrix model give a transition operator from reduced supersymmetric YangMills theory to supersymmetric space-time theory. In comparison with Green-Schwarz superstring we identify the supersymmetric Wilson loops with the asymptotic states of IIB superstring. It is pointed out that the supersymmetry transformation law of the Wilson loops is the inverse of that for the vertex operators of massless modes in the U (N ) open superstring with Dirichlet boundary condition.
Introduction
For a long time it has been hoped that the large N gauge theory [1] will give a nonperturbative definition of string theory. In the begining of '90 2D string has solved exactly in terms of matrix models [2] and many works have been carried out in this field [3] . The identification with the continuum theory was done in the direct calculations of amplitudes [4] and then was completed using the W ∞ symmetry [5] .
Recently more realistic matrix models called M(atrix) theory [6] and IIB matrix theory [7] (and also see [8 -15] ) have been proposed, which are described in terms of the D-particles and the D-instantons [16, 17] . In this paper we study the IIB matrix model, which is hoped to give the type IIB superstring. In this case, other than 2D string, the oscillation modes with continuous momenta will arise. The aim of this paper is to clarify how the oscillation modes arise in the IIB matrix theory. We study such an issue using the supersymmetry.
The Wilson loops will describe the operators which create and annihilate strings [7, 15] . We here introduce supersymmetric Wilson loops in IIB matrix theory and identify it with the asymptotic state of superstring. To carry out the program we first study the supersymmetry transformation law of the wave function of IIB superstring which is constructed by acting the vertex operator of the D-instanton [18] on the boundary state [17] . We then show that the supersymmetric Wilson loop just has the same property as that the state of superstring has, where the supersymmetry transformation of reduced super Yang-Mills theory acts on it as a counterpart of that of world-sheet theory.
The state of IIB superstring
We first construct the eigenstate of Hamiltonian using Green-Schwarz superstring quantized in the light-cone gauge [19, 20] and then discuss its supersymmetry transformation law.
Let us consider cylinder frame with Dirichlet boundary at τ = 0. The boundary state is defined by the conditions
where
(S a ± iS a ) and µ = (+, −, I) I = 1, · · · , 8. This is the D-instanton state discussed in [17, 18] . In the following we mainly use the notations and conventions of ref. [18] . The conditions can be solved easily and we obtain
where |B 0 >= |I > |I > −i|ȧ > |ȧ >. The mode expansions of string coordinates are defined by
3)
The vertex operator of (single) D-instanton [18] is defined in terms of the broken currents ∂ τ X µ and S − for translational invariance and supersymmtery in the form
where θ = (2
We here consider the σ-dependent functions x µ (σ) and η(σ). In the light-cone gauge defined by x + (σ) = x + = τ and Γ + η = 0, the vertex operator reduces to the simple form
Let us consider the Wilson loop operator w = exp(−iV ) and act it on the boundary state. Using the Baker-Campbell-Hausdorff formula we can obtain the following state:
where the mode expansions of x and η are defined by
This state satisfies the boundary conditions
From the expression of vertex operator, the operators ∂ τ X I (σ) and S −a (σ) are described in terms of the functional derivatives of x I (σ) and η a (σ), respectively. The light-cone Hamiltonian is given by
Therefore the state |x, η, τ >= e iτ H |x, η > satisfies the Schrödinger equation
and the wave function is defined by Φ ⋆ (x, η, τ ) =< Φ|x, η, τ >. In the last of this section we discuss supersymmetry transformation law of the state. The supersymmetry transformation of vertex operator with respect to the unbroken supercharge Q + is translated into the supersymmetry transformation on x µ and η. Using the equationŝ
, we obtain the equation
Using this we obtainδ (+) w =δw. Thus the Wilson loop gives the transition operator from the world-sheet theory to the space-time theory.
Supersymmetric Wilson loops in IIB matrix model
The world-sheet is regulated in the large N picture. The reduced supersymmetric Yang-Mills theory will play an fundamental role to make a world-sheet. The identification of gauge fields with space-time coordinates will gives a non-pertubative definition of the type IIB superstring [7] . The states in IIB matrix model should have the same supersymmetry transformation law as that the continuum theory has. In this section we show that the supersymmetric Wilson loop just has the expected property. So we identify it with the IIB superstring state (in momentum space).
The supersymmetric Wilson loop operator we introduce here is
where V j is defined using the superfield in the form
G is the generator of the supersymmetric Yang-Mills transformation
Thus we define
In the following we work in the light-cone gauge
Then we can see that the following supersymmetry transformation is realized:
and ∆λ
in the formδ α k
aȧ α˙a). In the continuum limit k µ j → k µ (σ) and ∆λ a j → ∂ σ λ a (σ), this just corresponds to the supersymmetry transformation in momentum space derived in the continuum theory (2.13)
3 . In this case the supersymmetric Yang-Mills transformation δ just corresponds to the variation of world-sheet theoryδ (+) . The constraint (3.7) corresponds to the boundary condition
The above transformation law can be proved in the following. In the light-cone gauge the matrix V j is described in SO(8) notation as
The covariant description of supersymmetry does not go well, where the constraint equation which serves as eq. (3.7) is not known. 3 The transition function between coordinate space to momentum space is given by
are defined by (2.13) and (3.6), respectively.
The supersymmetry transformation is described in the SO(8) notation as
Let us first consider the variation of V 0 j under the supersymmetry transformation δ. We can easily obtain the following equation:
In the next step we obtain
and
In general we will obtain the equation 
Noting that ∆f l = 1 ǫ (f l+1 − f l ) and f l is the matrix such that
, we get the following expression:
As shown in the above calculation (3.14), Y l cancels i[f l , V l−1 ] iteratively in the continuum limit. This cancellation is an analogy of that by contact terms in open superstring with Chan-Paton factor [18, 21] . Thus we can prove the supersymmetry transformation law of the Wilson loop. This is the inverse picture of supersymmetry transformation law of the vertex operator for massless mode in the U(N) Dirichlet open superstring derived in [18] , where the roles of the world-sheet theory and space-time theory are exchanged. Supersymmetric Yang-Mills theory now plays an role of world-sheet theory, not of the space-time one.
The S-matrix
In the previous section we discussed the supersymmetric Wilson loop in IIB matrix theory. We proposed that, in the symmetrical point of view, it corresponds to the asymptotic state of IIB superstring. The correlation function of the Wilson loops is defined by
where S is the reduced supersymmetric Yang-Mills acton. The continuum limit is defined by Mǫ = 1 and g 2 N = 1, where g is the gauge coupling behaived as g ∼ ǫ. The momentum conservation comes from the integration over the U(1) part in U(N) matrix. The U(1) part of A − integral gives the delta function δ(k This is likely to correspond to the equation < 0|H|Φ >= 0 in the continuum theory. Here the effects of the terms corresponding to (∂ σ x I ) 2 and η a ∂ σ η a in the Hamiltonian will be included in the derivative of action with respect to A + . This is similar to the picture of the Hartle-Hawking wave function.
